Background Previous studies of nickel workers have primarily noted significant early increases in lung and nasal cancers and for various types of accidents.
Introduction
Production of nickel and copper in the Sudbury basin has taken place since the early 1900s [1] . Xstrata Nickel, formerly known as Falconbridge Limited, currently has three operating mines, a mill and a smelter in Sudbury, Ontario, Canada [1] .
Previous studies of nickel workers have generally focused on mortality, although a few more recent studies of cancer incidence and case-control studies have been undertaken [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] . The predominant health outcomes observed were significantly high lung and nasal cancers, however, nasal cancers had not been noted in the present cohort [2, 3, 6, [11] [12] [13] [14] [15] [16] [17] .
Early studies of mortality of Sudbury-based Xstrata Nickel workers were conducted by Shannon et al. from 1950 to 1976 [5] , with additional follow-up to 1984 [7] , and a study of cancer incidence in Sudbury Xstrata and Vale Inco (formerly Inco Limited) nickel workers from 1950 to 1989 was conducted by Julian and Muir [9] .
Roberts et al. [6] also examined mortality in Sudbury Vale Inco workers from 1950 to 1984. Results of these previous Sudbury-based studies revealed significant elevations in lung and nasal cancers during periods of early operation, particularly in Vale Inco [6, 9] sinter plant workers, and significant elevations in possibly job-related, and non-job-related, accident rates. Cancer incidence, mortality for cancer and other diseases, were never examined concurrently. Concurrent investigations with similar results would have strengthened the findings.
Grimsrud et al. [11, 18, 19] conducted cohort (n 5 5297) and nested lung cancer case-control (n 5 213 cases, diagnosed between 1952 and 1995, and n 5 525 age-matched controls) studies of Kristiansand nickel refinery workers in Norway. Cohort members worked between 1916 and 1989 and were followed from 1953 to 2000. They reported significant elevations in lung, nasal and prostate cancers, with the latter being borderline. The highest risk for lung cancer occurred in those employed during the period of 1910 to 1929 [standardized incidence ratio (SIR) 5 4.8, 95% CI: 2.8-7.6]. Nickel exposure, smoking habits and cumulative exposure to arsenic, cobalt, asbestos and acid mists were considered in the case-control study. A substantial association was observed for cumulative exposure to water-soluble nickel and lung cancer risk. While smoking was a strong risk factor, it was reported as a weak to moderate confounder and the smoking data could have been subject to information bias. Notable criticisms relate to the quality of the occupational exposure assessment methods, variability of such measurements and the lack of information about other potentially important confounders [11] .
Based primarily on methodologically inferior epidemiological studies and limited animal data, the International Agency for Research on Cancer (IARC) considers nickel compounds as Group 1 human carcinogens and metallic nickel, in Group 2B, as possibly carcinogenic to humans [20] .
This study was conducted at the request of the company and union in order to enhance follow-up from previous mortality studies and the cancer incidence study, to examine mortality and cancer incidence concurrently, to detect significant elevations that merit further study in aetiological studies and to address worker health concerns. Concurrent investigation of cancer mortality and incidence can provide additional strength for results reflected in both. A request by the study team for an occupational exposure assessment was not granted due to available company funding. Based on previous studies of this cohort, lung cancer and unintentional injuries were of particular interest [5, 7] .
Methods
The study population consisted of 10 253 men who were employed with Xstrata Nickel in Sudbury, Ontario, Canada, for $6 months [5, 7] between 1928 and 2001 and who were alive as of 1 January 1964. Cancer incidence was obtained by linkage to the Ontario Cancer Registry (OCR) and mortality information was obtained by the OCR from the Ontario Vital Registrar's Ontario Mortality Database (OMDB). Data were available from 1964 onwards (when cancer data became available at the OCR) or from the date of inclusion for those included in the cohort after this date until date of death, date of emigration or as of 31st of December 2001. As for previous studies of this cohort [5, 7] , this study examined the underlying cause of death according to information linked from the OMDB. Cancer incidence was assessed according to primary sites, although multiple primaries were possible. The surrogate used for exposure assessment was employment duration.
Work history data consisted of information from administrative payroll records including department, occupational codes, initial work date for each occupation (job), union status, termination codes (e.g. long-term illness, pension, layoffs, etc.), dates of first hire at Xstrata Nickel Sudbury and last work dates. Work history records were available from 1928 until December 2001.
Cancer incidence and causes of mortality were coded according to the International Classification of Diseases, Ninth Revision (ICD-9) [21] . Ontario was used as the reference population. Standardized mortality ratios (SMRs) were adjusted for age at death and year of death. SMRs and SIRs were calculated as the ratio of the observed to expected numbers (i.e. deaths or incident cancers) expressed as a percentage. P values and 95% confidence intervals were calculated assuming deaths and cancers followed a Poisson distribution. All tests of significance were two-tailed. Age group and calendar period were considered as potential confounders. Analyses including reference rates were stratified by 5 year age groups and 5 year calendar periods.
Analyses were conducted for cancer incidence and all causes of mortality for workers with ,15 years since first hire (at Xstrata Nickel Sudbury) and those with $15 years in order to allow for latency. The initial category since first hire represented the period when the healthy worker effect could most likely impact the results [7] . These periods could include work at workplaces other than Xstrata. Similar to Grimsrud et al. [11] , further analyses were done according to cumulative duration of employment (DOE) (i.e. for ,15, 15-29 and $30 years), which accounted only for time working at Xstrata Nickel Sudbury and discounted illness or layoff periods. Analyses were also conducted for decade of first hire, for those included in the cohort for the period of 1928-2001, in order to determine possible differences over time. It should be noted that individual workers contributed person-years-at-risk to contemporaneous categories. In addition, a multiplicative Poisson model was used to estimate relative risks for lung cancer incidence among underground workers by DOE and early (pre-1950) versus later (1950 onwards) date of first employment.
Examples of possibly job-related injuries included accidental poisonings with varnishes or solvents (ICD-9 E861-E869), falls from ladders or scaffolding (E880-E886) and mechanical crushing or explosions (E916-E925).
The sinter plant was in operation from 1932 to 1978, few workers were exclusively sinter plant workers, and of those remaining, labourers represented the predominant occupation code.
Analyses focused on lung and other respiratory cancers as they have been the most commonly observed in studies of nickel cohorts [2, 3, 19] . The latter were in addition to unintentional injury mortality, that along with lung cancer, were found to be significantly elevated in this cohort and its underground mine workers between 1950 and 1984 [5, 7] . Ethical approval for the study was received from the Sudbury Regional Hospital Research Ethics Board.
Results
The cohort consisted of 10 253 employees for whom there were 1127 (11%) incident cancers and 1984 (19%) deaths. The mean age at first work was 25.7 years (SD 6.90, range 14-67 years, median 24.0 years) and the mean age at last work was 40.3 years (SD 14.27, range 19-73 years, median 38.4 years). There were a total of 334 workers between the ages of 14-17 years, with the majority (n 5 268) classified as junior or general labourers upon first hire between 1940 and 1969 (n 5 295). There were 61% employees who had 6 months to 14 years DOE at Xstrata Nickel (n 5 6291), 22% who had 15-29 years DOE (n 5 2250) and 17% who had $30 years experience (n 5 1712).
Results are not presented where the number of observed cases could not be released based on OCR privacy and confidentiality regulations. The focus of the results section is on significantly elevated results.
The results for cancer incidence and mortality by ,15 and $15 years since first hire are presented in Table 1 . These results are presented since first hire at In Table 3 , the results for injury mortality are presented for unionized workers by time periods. For those employed at Xstrata Nickel between 6 months and 14 years DOE the following were significantly elevated: accidents, poisoning and violence (SMR 5 137, 95% CI: 119-157); road, rail and air transport accidents (SMR 5 138, 95% CI: 108-175) and possibly job-related accidents (SMR 5 214, 95% CI: 153-292).
Furthermore, significantly elevated injury mortality observed by decade of first hire included accidents, poisoning and violence (SMR 5 138, 95% CI: 114-166) and possibly job-related accidents (SMR 5 226, 95% CI: 145-336) for those hired in the 1960s. While for those hired during the 1970s, accidents, poisoning and violence (SMR 5 152, 95% CI: 121-188); road, rail and air transport accidents (SMR 5 151, 95% CI: 101-216) and possibly job-related accidents (SMR 5 272, 95% CI: 55-441) were significantly elevated (Table 3) .
In terms of significant elevations, no subgroup was of note except for the sinter (historical) and underground mine workers (Table 4 ). Significant elevations in lung cancer incidence were noted for those with $15 years since first hire (SIR 5 122, 95% CI: 103-143), 15-29 years DOE (SIR 5 136, 95% CI: 106-172) and for those first hired during the 1940s (SIR 5 173, 95% CI: 125-234). While in terms of lung cancer mortality, significant elevations were observed for those first hired during the 1940s (SMR 5 152, 95% CI: 104-216).
There were no statistically significant trends observed for relative risk of lung cancer among underground mine workers considered by DOE and date of first employment, using multiplicative Poisson regression analyses (Table 5 ).
Discussion
In this study, increased risk of lung cancer incidence and mortality in the cohort and in underground workers were observed. Lung cancer incidence was increased for those E, expected number of cases; ICD-9, International Classification of Diseases-9th Revision; O, observed number of cases.
x 5 O , 6 (excluded where not significant).
*Statistical significance at P , 0.05; **statistical significance at P , 0.01.
with $15 years since first hire, for those hired in early years of operation and for those with longer durations of employment. There were increases in mortality from accidents, poisoning and violence; road, rail and air accidents and possibly job-related accidents. These findings confirm much of what previous analyses of this cohort have yielded for significant elevations and are similar to studies of comparable workforces. 
E, expected number of cases; ICD-9, International Classification of Diseases-9th Revision; O, observed number of cases.
*Statistical significance at P , 0.05; **statistical significance at P , 0.01. E, expected number of cases; ICD-9, International Classification of Diseases-9th Revision; O, observed number of cases.
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Given the significantly higher results for various types of injuries, both non-job related and job-related, in this study and that these have prevailed in studies of this cohort [4] [5] [6] 8, 9] , it is recommended that continuing educational interventions about safety and injury prevention be provided to employees, particularly for those with less work experience. These could be delivered to the general population by the local health unit.
The possibility of biased results being due to chance, as a result of systematic multiple comparison testing, exists in this study.
Preparation of the databases for record linkage was time consuming and nominal roll and work history databases were assembled for payroll information versus epidemiological use. The healthy worker effect could also be operating in this cohort for those with ,15 years since first hire [7] . The study team regrets not being able to incorporate occupational exposure assessment information into the study. Exposure assessment was not undertaken due to cost, such that the best surrogate available was DOE. Information was not available about potential confounders in the study, particularly smoking. During the period of the study, ICD codes changed over time, and hence, there could be some discrepancies in coding health outcomes. Health outcomes were coded to all statistical groups in which the employee worked, so some misclassification was possible. Furthermore, the 'possibly job-related' category was constructed based on review of the ICD codes and not on accident or injury reports.
Health outcomes with ,15 years, or $15 years since first hire at Xstrata Nickel, could have occurred in any workplace.
There were several categories of deaths resulting from accidents, poisonings and violence, including the marked presence of possibly job-related deaths for those with less work experience. In both underground and surface areas, workers engage in complex work processes that may expose them to various risks and hazards. Injury mortality data form part of large ICD categories, with the inability to distinguish specific causes of mortality or whether the accidents occurred at Xstrata Nickel. Significant increases in the risk of death from recreational activities and transportation accidents are typical of life in northern communities [22] . Furthermore, injury and poisoning deaths in northeastern Ontario are significantly higher than the national and provincial averages [23] . Studies such as this, however, are unsuitable for detailed study of accidental and violent deaths, particularly when trying to assess contributions at Xstrata Nickel.
Unfortunately, there were a number of potential confounders for lung cancer risk, which could not be considered. Potential risk factors for lung cancer include: tobacco smoking, radon exposure, asbestos and some other occupational substances (e.g. arsenic, chromium, nickel, soot, tar, etc.), air pollution, family history of lung cancer, personal history of lung cancer and age .65 years, and diet may represent a cofactor [24, 25] . Cigarette smoking represents the predominant risk factor Controlled for age and calendar year in 10 year groups. Internal estimation of baseline rates used unionized employees.
for lung cancer [26] . The IARC lists the following as known occupational carcinogens: arsenic, asbestos, bischloromethyl ether, chromium, nickel, polycyclic aromatic compounds, radon and vinyl chloride [20, 24, 26, 27] . While higher risks have been observed for nickel exposure from mining, smelting and refining, reforms in industrial processing have yielded significantly lower exposure levels with decreased lung cancer risks [25] . Some cohort studies have suggested that oxidic and sulphidic nickels are responsible for most respiratory cancers [2, 25] , while the following occupational exposures are considered probable lung cancer carcinogens: acrylonitrile, beryllium, cadmium, formaldehyde, acetaldehyde, man-made fibres, silica and welding fumes [25] . However, Blair et al. [28] maintain that examples of substantial confounding in occupational epidemiology are rare. In northeastern Ontario, the estimated combined percentage of those who are overweight and obese is significantly higher than the province at 57% versus 49% [29] (2003 estimates). Percentages for daily smoking and exposure to tobacco smoke in the home, among non-smokers, are also significantly higher [29] . All-cause mortality, potential years of life lost (PYLL) and hospitalization rates tend to be significantly higher than the rest of the province, with 23% of deaths occurring prior to age 65 years (versus 21%), based on 2004 estimates. In the 2006 northeastern Ontario health profile, deaths attributed to injuries contributed more to PYLL than any other cause, followed by neoplasms and circulatory system diseases [29] .
Given similar results from this and previous studies of this cohort, a case-control study of lung cancer is recommended to study the role of the limited important factors that spouses, or other family members, may be able to recall, given that most persons with lung cancer will have died. The study could include a short questionnaire that would solicit information about active and passive tobacco smoking, age, family history of lung and other respiratory cancers, job history and various occupational exposures. Such a study would benefit from extensive contributions from both company-based and externally-based occupational hygienists to characterize occupational exposures. Given the potential for recall bias, the study could possibly include incident lung cancer cases that were first diagnosed from 1980 onwards, if an additional linkage was done to add cases that occurred subsequent to the period of follow-up for this study.
Although not immune to recall bias, such a study could serve to address some questions for affected workers and their families.
In addition, educational interventions designed to reduce injuries in the workplace and for the general population are warranted.
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Key points
• Significant lung cancer mortality and incidence elevations were observed for the cohort and underground workers with increased time since first hire, for those hired during early periods of operation and for those with longer durations of employment.
• There were increases in mortality from accidents, poisoning and violence; road, rail and air accidents and possibly job-related accidents.
• Further aetiological study is required as occupational aetiology could not be ascertained and no significant trends were observed.
